The emotional factor in mass emergencies with maintained legal rights significantly influences the decision-making of the powerful and vulnerable groups and the course of events. In this paper, we established the game model of rank-dependent expected utility for the powerful and vulnerable groups in mass emergencies with maintained legal rights. And we also explored the influence of different emotional states on the results of strategic equilibrium of both sides of a game. Results show that the behaviours of the powerful or vulnerable groups are not only affected by the choice of their other strategies, but also influenced by the degree of emotion. The more optimistic they are, the more inclined they are to solve the mass emergencies with maintained legal rights; the more pessimistic they are, the more inclined they are to take extreme resistance behaviours and the more likely pessimism is to adversely affect the two groups' behaviour choices. The numerical simulation with MATLAB further validates this conclusion. Therefore, the emotions of both sides should be controlled and understood when managing mass emergencies to solve problems effectively and reasonably.
Introduction
Given the deepening of social transformation from a traditional society to a modern society in China, social contradictions increasingly intensify, especially those manifested by the uneven distribution of benefits among urban and rural areas, social strata, and regions. Thus, all kinds of mass emergencies with maintained legal rights, such as illegal land acquisition and labor disputes, have occurred frequently [1] . According to statistics, about 80% of domestic mass emergencies are related to rights protection incidents [2] . These incidents greatly affect social stability and harmonious development because they are organized to some extent and featured by intense behavioural unreasonableness. Therefore, the evolution mechanism of these incidents should be explored under the background of a mass emergency with and without maintained legal rights.
Von Neumann et al. assumed that the participants of mass emergencies are "rational persons"; they proposed that the expected utility (EU) theory is a game process where participants seek to maximise their own interests [3] . Lee argued that persons with social backgrounds not only adjusted their behaviour in real time according to the information acquired in the environment, but also change the benefits of people close to them by adjusting their strategies; this finding is not consistent with the assumption of "rational persons" or the fact that decision behaviour ignores irrational factors, such as the cognition and emotions of participants, similar to the Allais paradox [4] . Kahneman et al. [5] attempted to study "bounded rationality" and proposed the prospect theory of nonlinear probability weight functions; they also analysed and explained the strategy-making process of social behaviour and attained considerable achievements. Given the development of neuroscience and technology, some scholars explored the neural mechanism of social behaviour decision-making from deeper levels; they pointed out that the social person displays social preferences, such as trust [6] , fairness [7] , and altruism [8] . In the game process, personal emotional factors and the reward system of the brain significantly influence behavioural decision-making [9] . Quiggin [10] considered the emotional factors of game participants and proposed the rank-dependent expected utility (RDEU) 2 Mathematical Problems in Engineering theory to overcome the limitations of EU. Based on the RDEU theory, Xiong and Gong [11, 12] concluded that the state of equilibrium is closely connected with changes in emotion and the scope of games in participants by analysing classic hawk and dove game models and the existence of solutions to the Nash equilibrium. Results showed that emotional factors in the evolution of a mass emergency with maintained legal rights played a very important role in decision-making. Fang [13] considered personal emotion as the key factor that affects strategy and constructed the evolution model of the behaviour of decision makers in mass emergencies. Based on the rank-dependent expected utility theory, Xiong [14] proposed the evolution model of mass emergencies and analysed the effect of emotion on the evolution of events. Chen [15] applied the hypergame analysis method to the cognitive difference in an environmental pollution event by chemical companies; this study also built the hypergame models of both players and combined them with the Dalian Fujia PX event. Based on the rank-dependent expected utility theory, Liu [16] analysed the influence of emotion on the results of a game equilibrium between terrorists and the antiterrorism forces of the government.
Therefore, mass emergencies with maintained legal rights are a typical sudden mass public incident. A substantial number of studies were conducted pertaining to the evolutionary game model in social behaviour decision-making. However, existing studies on behaviour decision-making did not introduce emotional factors to mass emergencies with maintained legal rights and contrasting powers in both sides. This research direction should be developed. Thus, the present study considers the influence of emotional factors on the evolution of a mass public emergency with maintained legal rights. Based on the RDEU theory, the authors constructed a game model of rank-dependent expected utility for powerful and vulnerable groups in mass emergencies with maintained legal rights. This study explored the existence of a solution of different emotional states to the strategic equilibrium of both sides of the game. This approach aims to complement and develop the theoretical methods of evolution of social behaviour decision-making in mass emergencies and provide objective and comprehensive decision-making references.
The RDEU Theory
The RDEU theory is a nonlinear extension to the linear relation of the probability of the EU theoretical model. The curves are adopted for analysis in the method of a probability triangle. The divergence of an indifference curve is modified and the weight of a nonlinear strategy is established to build the model for the rank-dependent expected utility theory. Many theoretical and empirical studies show that decision weight can be described as the emotional state (optimism or pessimism) and emotional degree of decision makers under uncertain conditions.
Definition .
If the values of random variable are from set { , = 1, 2, ⋅ ⋅ ⋅ , }, then > 2 > ⋅ ⋅ ⋅ is obtained and they are subject to probability distribution.
If ≥ 0, 1 + 2 +⋅ ⋅ ⋅+ = 1 is satisfied, then its ranking position ( ) for is defined as
In formula (2), random variable denotes the benefits that investment decision makers receive by making an investment, which can be intuitively explained by the definition that the higher the ranking position of , the greater the probability a profit value is not exceeded and the higher the position of in the decision-making process.
Definition
. In risk decision structure { 1 , 1 ; 2 , 2 ; ⋅ ⋅ ⋅ , }, if the utility function of investor is ( ), then the model of rank-dependent expected utility is
In this formula, ( ) denotes the decision weight of output , which can be defined as
In this equation, (•) is a monotone increasing function that satisfies (0) = 0, (1) = 1.
Diecidue and Wakker offer the following propositions according to the definition of (4).
Proposition . ( ) is a monotone decreasing function of ranking position if and only if is a convex function; ( ) is a monotone increasing function of if and only if is a concave function.
Given cumulative probability = 1 + 2 + ⋅ ⋅ ⋅ + , that is, the corresponding distribution function ( ), then,
Thus, the emotional factor of decision makers can be represented by function (•) in Definition 2. If (•) is a convex function, it means that decision makers have a pessimistic emotion. Decision-making weight ( ) will tend to decrease as the ranking position of output increases. If (•) is a concave function, it means that decision makers have an optimistic emotion. Decision-making weight ( ) will tend to increase as the ranking position of output increases. Therefore, (•) is called an emotional function. We then assume that ( ) = , > 0, = 1, 2 ( is the sentiment index of participant ). This analysis shows that decision makers are considered to have an optimistic emotion when 0 < < 1. By contrast, decision makers have a pessimistic emotion or they do not have any emotions when = 1. The vulnerable group (B) chooses "struggle," the cost of reputation loss for the powerful group (A) after seeking media exposure The powerful group (A) commits an illegal act. After the media exposure, the government intervened to account for the penalty cost The total cost incurred by the vulnerable group (B) in the appeal process and the search for media help Table 2 : Game payoff matrix for the powerful group and vulnerable group in group public emergency.
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Definition . If the preference orders "≻" of decision makers can be represented by utility function (•) and weight (•)'s real-valued function , then, the following equation is obtained for random variable , :
where is the rank-dependent expected utility defined by Model (3); then, the decision makers satisfy the RDEU decision model.
RDEU Game Model for Mass Emergencies with Maintained Legal Rights
. . Basic Game Structure. Mass emergencies occur frequently given rapid economic and social development, accelerated social transformation and widening gap between the rich and poor, and the unbalanced possession of resources and distribution of benefits among sectors of society, which worsen stratum differentiation. Therefore, the powerful group (A), such as enterprise leaders, government departments, and real estate developers, possess more social resources and participate more in the political life of a local society. The powerful group occupies its powerful status because of its members participating degree and influence, whereas the vulnerable group (B), such as grassroots farmers, needy urban workers, and consumers, possess fewer social resources and take a relatively vulnerable position. In mass emergencies with maintained legal rights, the powerful group will adopt two strategies of "cooperation" and "tough fighting," which is denoted as = { , }; the probabilities that they will adopt the strategy of "cooperation" and "tough fighting" are denoted as 1 − and . Vulnerable groups adopt the strategies of "compromised" and "struggle," which are denoted as = { , }, and the probabilities that they will adopt "compromised" and "struggle" are denoted as 1 − and . Related parameter hypothesis is showed in Table 1 . We then assume that the powerful and vulnerable groups are participants with bounded rationality in the rightsdefensive sudden mass incident and that they completely understand the benefit levels, game rules, and game processes of participants. Based on the above assumption, the game revenue matrix for the powerful group and vulnerable group in the mass emergency with maintained legal rights is shown in Table 2 .
In parameter hypothesis, the parameter is used to indicate the proportion of the power of the powerful group, (1− ) indicates the proportion of the power of the vulnerable group, and the total strength of the powerful group and the disadvantaged group is 1. According to the actual situation, the strength of powerful political groups such as a company's leadership, real estate development, etc. is stronger than a vulnerable group such as grassroots employees, farmers, and consumers. The powerful groups are obviously stronger than the disadvantaged groups in terms of resource possessions, rights, and information control. Therefore, here > 0.5; the following will consider the conditions of profit that the two sides of the game have under this condition.
According to this reality, for collective disputes like labor disputes, the dominant group is a corporation or its corporate leadership. They have all the rights to speak about the distribution and dispatch of employees, and they have more social Table 3 : Profit value, probability distribution, ranking position, and decision weight of the powerful group in mass emergencies with maintained legal rights.
Income of powerful group Probability Ranking position Decision weight ( ) Table 4 : Profit value, probability distribution, ranking position, and decision weight of the vulnerable group in mass emergencies with maintained legal rights.
Income of vulnerable groups Probability Ranking position Decision weight ( )
resources and source of information channels. As employees of disadvantaged groups, they are the labor force created by an enterprise's value; they have the responsibility of obeying the enterprise and taking the interests of the enterprise as their core interest, with fewer social resources, and in a relatively weak position. From the income 1 > 2 , when the two produce labor disputes, they will choose a struggle strategy to protect their own rights and interests as the vulnerable group. They do not hesitate to pay time and cost to fight or seek the help of the media; these costs are much greater than their income due, (1 − ) 2 − 4 < 0. On the other hand, as a powerful group, to prevent this dispute from expanding, they adopt a tough strategy to suppress the vulnerable groups; in addition to paying suppressed operating costs, they are faced with the loss of reputation after media exposure and after government intervention. The accountability penalty costs are much greater than their income due, that is, 2 − 1 − 2 − 3 < 0. Thus, the income sizes of strong and vulnerable groups with different strategies are as follows:
For powerful groups:
The parameters meet the following relationship:
From this, it can be seen that a pure strategy Nash equilibrium exists, {compromised 1 − ,tough } and {struggle , cooperation 1 − }. When both sides of the game are fully rational, if one side of the decision maker chooses the tough strategy or struggle strategy, the other party of the decision maker will choose the compromise strategy in consideration of maximising their own interests.
In reality, the emotional state of decision makers on both sides of the game is a nonnegligible factor. Therefore, it is necessary to consider that the two sides of the game are not completely rational; that is, we must consider the influence of the emotional state of the decision maker on the choice of game strategy and embody the emotional factors in the utility function.
. . Construction of RDEU Game Model for Mass Emergencies
with Maintained Legal Rights. The profit value, probability, the corresponding ranking position, and decision weight of the powerful group (A) and vulnerable group (B) based on the RDEU model by Definition 1 are shown in Tables 3 and  4 .
The RDEU expected utility function that corresponds to the powerful group is
The RDEU expected utility function that corresponds to the vulnerable group is
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. . Analysis of Equilibrium Solution of RDEU Game Model for
Mass Emergencies with Maintained Legal Rights. We need to determine the partial derivative by using the expected utility function of (8) and (9) for and and compose the partial derivative results into partial equations as (12) .
In (12), both equations are 0 at the same time. Conditions for the Nash equilibrium solution of the RDEU game model for the strategy of powerful and vulnerable groups in the rights-defensive sudden mass incident are obtained as follows:
Equation (13) is a transcendental equation with an analytical solution that is difficult to obtain. Therefore, the existence of a solution to the equation is discussed in the following three typical situations.
Situation (when both sides are under a rational state). In the game, both the vulnerable group and powerful group are under a rational status, that is, 1 = 1, 2 = 1. The following equation is obtained by substituting it into (13):
The powerful group adopts a mixed strategy as follows:
The vulnerable group also adopts a mixed strategy:
When 1 = 1, 2 = 1, the reaction functions of the powerful groups and vulnerable groups are
The Nash equilibrium of mixed strategy is
The situations wherein both sides of the game have no emotions become special circumstances that are identical with traditional game theory, but these are not common in real life.
Situation (at least one side has an emotional state). In real life, the powerful groups that have more social resources are in a socially advantageous position. However, vulnerable groups have a small number of social resources placing them in a disadvantageous position. When information asymmetry exists, the vulnerable groups are, in most cases, emotional. Emotion will largely affect their decision-making. They will then be likely to adopt extreme methods to defend their rights. Therefore, we assume that, for the powerful group, the government and other administrators are rational persons without emotions, whereas the vulnerable groups have emotions. Based on the characteristics of emotional functions in the RDEU game model of group conflict, the emotions of vulnerable groups can be divided into an "optimistic emotion" and a "pessimistic emotion."
Hypothesis . We then assume that the vulnerable groups hold an optimistic attitude towards the future and the powerful group has a rational attitude. The sentiment index of vulnerable groups is 2 > 1; that is, the emotional function emotion. In real life, vulnerable groups have a high degree of trust in the government and they seek help from media, from the Internet, through petition letters, or from government departments. These approaches provide conditions favorable to their rights-defensive behaviour. Thus, they hold an optimistic attitude towards the game result.
When 2 → +∞, that is, the optimistic emotion of vulnerable groups turns from the bounded rationality to nonrationality, then 2 − 1 → +∞. Equation (13) shows that
2 −1 → 0, that is, → 0, and the mixed strategy that the vulnerable groups adopt is
The strategy probability that the powerful group adopts is ( , ..
− ) = (0,
..
1).
Therefore, the Nash equilibrium of mixed strategy is
Hypothesis . Vulnerable groups have pessimistic attitudes and the behaviour of powerful groups is rational. The sentiment index of vulnerable groups is 0 < 2 < 1; that is, the emotional function 2 ( ) is a concave function. The sentiment index of powerful groups is 1 = 1, which is rational. In real life, the basic-level government has low prestige among people and the vulnerable groups have a relatively low degree of trust in the government. They believe that the only way to spread mass emergencies with maintained legal rights is by means of "struggle." Thus, they hold pessimistic attitudes reflected in the game results. If 2 → 0, that is, the emotional state of a vulnerable group gradually becomes pessimistic, then 2 − 1 → −1 as shown by (13):
Then, (( − )/( + − )) 2 −1 = (ℎ/( − ))((1 − )/ ). The mixed strategy vulnerable groups adopt is then given as
,
The mixed strategy powerful groups adopt is then given as
The Nash equilibrium of this mixed strategy is
In real life, when group conflict reaches a certain level, the vulnerable groups will fight fiercely because their own interest is hampered and affected by their own emotions. They will then perform aggressive actions. Offensive behaviour manifests, such as bloody violence, and the situation worsens. However, the powerful side that occupies the dominant position will take actions based on their own advantage to defend their own benefits. Thus, mass emergencies may occur. Therefore, in a game with powerful groups and vulnerable groups, they should adjust their unreasonable strategies and avoid the occurrence of mass emergencies. The government and relevant administrative departments should also improve the coordination and arbitration mechanism for these mass emergencies.
Situation (both sides have emotion). In this situation, 1 ̸ = 1, 2 ̸ = 1, the reaction functions of the powerful group and vulnerable groups are
Solving formula (26), the response functions are Mathematical Problems in Engineering
if ∈ (0, 1)
To examine the influence of changes in sentiment index 1 , 2 on the decision-making of gamers in (27) and (28), consider , as the functions of 1 , 2 . Therefore, is subject to the influence of 1 , denoted as ( 1 ); is subject to the influence of 2 , denoted as ( 2 ). The first-order derivative for ( 1 ) and ( 2 ), as shown in (29) and (30), is solved by analysing the changes in the curve , . Accordingly, the influence of 1 , 2 on , is determined, and ( 1 ) and ( 2 ) are given as
Equation (29) shows that the denominator is constantly larger than zero. Thus, the plus or minus of ( 1 ) in intervals (0, 1) and (1, +∞) depends on the plus or minus of the numerator, that is, the plus or minus of ln[((1 − ) 1 /( 1 + 2 + 3 − 1 ))(1/ − 1)], which determines whether or not
In other words, it is necessary to determine the sizes of and
(1) When = , ( 1 ) = 0, and ( 1 ) does not change as the sentiment index 1 changes. The strategy of a vulnerable group will affect the strategy of the powerful group at the critical value; the powerful group will determine the corresponding strategy.
(2) When < , ( 1 ) > 0, the function ( 1 ) is an increasing function about 1 ; that is, the probability that the vulnerable group adopts the "struggle" strategy is smaller than the critical value A and is getting smaller and smaller. As the powerful group becomes more and more optimistic, more and more believe that the vulnerable group will compromise. In order to reduce the cost, the probability that the powerful group chooses "tough" strategy
( 1 ) increases, so the equilibrium of the game tends to be (compromised, tough).
is a decreasing function about 1 . With the increase of 1 , the powerful group is getting more and more pessimistic. They believed that the vulnerable group will not solve the problem peacefully. In order to reduce the cost, the probability that the powerful group chose "tough" increases, so the equilibrium of the game tends to be (struggle, tough).
Three results are obtained after analysing (30). Equation (30) shows that the denominator is constantly larger than zero. Thus, the plus or minus of ( 2 ) in intervals (0, 1) and (1, +∞) depends on the plus or minus of the numerator, that is, the plus or minus of ln[( 2 /( 4 − (1 − ) 2 ))(1/ −1)], which determines whether or not ( 2 /( 4 − (1 − ) 2 ))(1/ − 1) is greater than 1. In other words, it is necessary to determine the sizes of and 2 /((2 − 1) 2 + 4 ). For convenience, let 2 /((2 − 1) 2 + 4 ) = .
(4) When = and ( 2 ) = 0, ( 2 ) does not change as sentiment index 2 changes. The strategy of powerful groups will affect the strategy of vulnerable groups at the critical value and the vulnerable groups will determine the corresponding strategy.
(5) When < and ( 2 ) > 0, function ( 2 ) is an increasing function about 2 , and it increases as 2 increases. The probability that the vulnerable group adopts the "struggle" strategy is smaller than the critical value B (1, 5) , the powerful group will adopt "tough fighting" strategy subject to the changes in the optimistic emotion 1 and influence under a three-dimensional perspective. The deeper the blue color, the smaller the value, the smaller the value, and the smaller the 1 value Figure 1 and is getting smaller and smaller. The probability ( 2 ) that the group will choose the strategy of "cooperation" will increase accordingly. As the powerful group becomes more and more optimistic, more and more believe vulnerable groups will certainly compromise. In order to reduce the cost, the probability that the powerful group chooses "tough" strategies ( 1 ) will increase, so the equilibrium of the game tends to be (struggle, cooperation).
(6) When > and ( 2 ) < 0, function ( 2 ) is a decreasing function of 2 , which decreases as 2 increases. When the probability that the powerful group selects a "strategy" strategy is greater than the critical value B, the probability that the powerful group chooses the "cooperation" strategy is decreasing. Then the vulnerable group is getting more and more pessimistic; they will become increasingly pessimistic and increasingly distrustful. In order to reduce losses, the probability of their "struggle" choice strategy increases, so the equilibrium of the game tends to be (struggle, tough).
Numerical Analysis
To better observe the process that the strategy of one side of the game affects the strategy of the other side and their own emotion, the "Jinning incident" in 2014 [17] is selected as a typical case for a mass emergency with maintained legal rights. In this incident, the local villagers have not been able to solve the problem of compensation with the project's constructor about the land acquisition. So we assume that the project constructor is the powerful group (A) and the villagers are the vulnerable group (B). Obviously, the strength of the powerful group is greater than the vulnerable group. Thus, we assume the strength of the powerful group is three times that of the vulnerable group, that is, According to this assumption, the corresponding critical value is
The changes in MATLAB simulated sentiment index 1 , 2 are used to reflect the process that the emotions affect the strategies of both sides of a game as shown in Figure 1 because both the powerful group and vulnerable groups have emotions.
(1) From vulnerable groups Figure 1 (a) 1 ∈ (0, 1) shows that the powerful group has a "pessimistic emotion" when < 2/5; the probability that the powerful group adopts the "tough" strategy increases as 1 increases. The smaller is, the higher will be. By contrast, when > 2/5, the probability that the powerful group adopts the "tough" strategy decreases as 1 increases. The greater is, the lower will be. 5) , the vulnerable group will adopt "struggle" strategy subject to the changes in the optimistic emotion 2 and influence under a three-dimensional perspective. The deeper the blue color, the smaller the value, the smaller the value, and the larger the 2 value Figure 2 whereas the pessimistic emotion will increase the tendency of vulnerable groups to adopt the "struggle" strategy.
(2) From the perspective of the vulnerable group, is affected by both 2 and as shown in Figures 2(a) and 2(b) . The analysis process is similar to (1).
Conclusion
Stakeholders have different understandings and attitudes towards the same incident due to the different ponderances and complexities of social contradictions. When all problems are intertwined and accumulated, both sides of the powerful and vulnerable groups are on the rope and it is difficult for them to find a solution in a rational way. Moreover, special events occur in special times and occasions when it is easier to give rise to a head-on confrontation between the powerful group and the vulnerable group. Thus, the probability of a mass emergency with maintained legal rights increases. Based on the RDEU theory, the author established the RDEU game model for mass emergencies with maintained legal rights and analysed the influence of different emotions on the decision-making behaviour of powerful and vulnerable groups. Results show that both groups tend to choose risky strategies, such as "tough" or "struggle," when both powerful and vulnerable groups hold a "pessimistic emotion"; the probability that they will adopt the risky strategy increases as the degree of "pessimistic emotion" increases. When both the powerful and vulnerable groups hold an "optimistic emotion," they tend to adopt conservative strategies, such as "conservative" or "compromised." The probability that they will adopt the conservative strategy will increase as the degree of "optimistic emotion" increases. Therefore, in mass emergencies with maintained legal rights, the pessimistic emotion will turn the vulnerable group more irrational and the conflict between both sides will grow. Under the influence of emotion, one side of the game will be affected by the strategy that the other party adopts in the game. When the probability that the powerful group adopts a "cooperation" strategy is lower than the critical value, the probability that the vulnerable group adopts the "compromised" strategy will increase as the sentiment index increases. In other words, the vulnerable group expects that when the powerful group does not give in and holds a tough attitude, the vulnerable group will adopt the "compromised" strategy. By contrast, when the probability that the powerful group adopts the "cooperation" strategy is greater than the critical value, the probability that the vulnerable group adopts the "compromised" strategy will decrease as the sentiment index increases. In other words, the vulnerable group expects that the powerful group will work with them. Thus, they will obtain greater benefits if they adopt the "struggle" strategy. Based on the assumptions in this study, the author revealed the law of the influence of emotional factors on decision-making in mass emergencies with maintained legal rights and effectively explained the mechanism of occurrence and evolution of mass emergencies.
By combining the established game model and the simulation results, the occurrence and development of mass emergencies with maintained legal rights can be effectively and reasonably gained from the following points. (1) Improve the violation cost of powerful groups 3 , promote the openness and transparency of relevant government affairs workflow and compensation standards, formulate strict regulations and systems, and strengthen the supervision and administration of party and government offices. When land acquisition violations occur, forceful advancement or speculations between officials emerge and they should be punished severely. (2) Improve the behavioural costs of powerful groups 1 , and improve the proportion of social opinions in the decisionmaking of social affairs to ensure that the decision of social affairs of immediate concern to the masses truly reflects the intention of the masses. The openness and transparency of information to strengthen the influence of social opinion should be examined to enable the powerful group to bear the loss of reputation due to the assumed surge of illegal behaviour under the great pressure from public opinion. Relevant legal services and consultation and assistance services should be provided to the vulnerable group to raise their awareness of protecting their rights and to expand the correct ways and means of rights protections to further raise the cost that the powerful group suffers in cracking down on the vulnerable group. (3) Enhance the government's credibility and timely monitor public sentiment. Once mass emergencies with maintained legal rights occur, based on the assumptions made in this study, the responsible party must actively investigate to collect evidence of these events. If the government and relevant administrative departments discover that the vulnerable groups have set changes in their emotion, they need to promptly divert the public's bad emotions in case a collective outbreak of negative emotions of the group occurs. The government should provide timely psychological comfort and psychological intervention and avoid the spread of bad emotions to false information, such as rumors.
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